This paper presents a comprehensive revision of the Helicellinae of Crete (Gastropoda: Hygromiidae) based on characters of the shell and the genitalia. The native fauna includes eleven Xerocrassa species, two Pseudoxerophila species, and perhaps one Xeromunda species. One additional Xerocrassa species and eight species of the genera Trochoidea, Xeropicta, Xerolenta, Xerotricha, Microxeromagna, and Cernuella were probably introduced by man to Crete. The distribution patterns of the endemic Xerocrassa and Pseudoxerophila species do not provide evidence for the hypothesis that these radiations were caused by the fragmentation of the region of present-day Crete into several palaeoislands in the late Miocene and Pliocene.
INTRODUCTION
The land snail fauna of Crete is extraordinarily rich. Compared with the land snail fauna of other Aegean islands, the species number on Crete is much higher than would be expected from its area (Welter-Schultes & Williams, 1999) . The high species richness of land snails on Crete is mainly the result of a few radiations. The radiations of the genera Albinaria Vest, 1867 (Clausiliidae; Gittenberger, 1991; Schilthuizen & Gittenberger, 1996; Douris et al., 1998; WelterSchultes, 2000a; Nordsieck, 2004; Schilthuizen et al., 2004) , Mastus Beck, 1837 (Enidae; Maassen, 1995; Welter-Schultes, 2000b; Parmakelis et al., 2005) , and Orculella Steenberg, 1925 (Orculidae; Gittenberger & Hausdorf, 2004) on Crete have already been studied in detail. Maltzan (1883 Maltzan ( , 1887 identified at least one radiation of xerophilous hygromiids on Crete. However, after Maltzan, this radiation has been almost completely neglected. It is still unknown how many xerophilous hygromiid species live on Crete, how they can be delimited, and where they are distributed. Because the anatomy of most of the described species is unknown, it is even unclear to which genera these species belong. As a first step towards a better understanding of the evolution of the Cretan xerophilous hygromiids, we present a comprehensive revision of the Helicellinae s.s. of Crete.
The Helicellinae Ihering, 1909 (Gastropoda: Hygromiidae) differ from most other Hygromiidae in the course of the right ommatophoral retractor, which does not cross between the penis and the vagina, and in the whitish shell. The systematics of the Helicellinae traces back to Hesse (1926 Hesse ( , 1934 , who included three genera in the subfamily, Helicella Férussac, 1821 , Cochlicella Férussac, 1821 , and Monilearia Mousson, 1872 , which is closely related to Cochlicella. Hesse divided Helicella s.l. into several subgenera that are mainly based on differences in the genitalia. Later, Helicella s.l. was further divided into several genera that were mainly based on the number of dart and accessory sacs (e.g. Zilch, 1960) . Some authors (e.g. Zilch, 1960 ) also included Monacha Fitzinger, 1833 in the Helicellinae, because its right ommatophoral retractor does not usually cross between the penis and the vagina (but see Hausdorf, 2000 for exceptions) . Schileyko (1972 Schileyko ( , 1978 Schileyko ( , 1991 transferred Monacha, and other genera of the Hygromiidae in which the dart apparatus is transformed to appendiculae (but in which the right ommatophoral retractor crosses between the penis and the vagina), into a separate subfamily of the Hygromiidae. Because of the structure of the stimulator, he excluded Cochlicella from the Hygromiidae, and established a separate family for Cochlicella and Monilearia. Furthermore, he supposed that the course of the right ommatophoral retractor and the whitish shell are adaptations to dry habitats. He concluded that even the remaining Helicellinae s.s. (i.e. without Cochlicella, Monilearia, and Monacha) are polyphyletic, and that the xerophilous groups with a free right ommatophoral retractor and a whitish shell originated convergently from various more hygrophilous hygromiids, which resemble the individual xerophilous groups in the structure of the dart apparatus. This view has essentially been accepted by Nordsieck (1987 Nordsieck ( , 1993 , who, however, included the Cochlicella group in the Monachainae Wenz, 1930 Wenz, (1904 . In contrast, Hausdorf (1988) considered the Helicellinae s.s. to be monophyletic, because they differ from the Hygromiinae Tryon, 1866, Monachainae, and Cochlicellinae Schileyko, 1972 in chromosome numbers (n = 26 or 27, rarely 24 or 25, in the Helicellinae; n = 23, rarely 21, 24, or 26, in the Hygromiinae, Monachainae, and Cochlicellinae). A phylogenetic analysis of partial cox1, 16S rDNA, 18S rDNA, and internal transcribed spacer 1 (ITS1) sequences revealed the monophyly of Helicellinae, inclusive of Monacha (Steinke, Albrecht & Pfenninger, 2004) . However, the bootstrap value for that clade is below 50%. Phylogenetic analyses of partial 16S rDNA sequences alone were insufficient to decide whether or not the Helicellinae are monophyletic (Manganelli, Salomone & Giusti, 2005) . However, this study suggested that Monacha is more closely related to Bradybaenidae than to Helicellinae. A phylogenetic analysis of partial 28S rDNA sequences (Koene & Schulenburg, 2005) confirmed the monophyly of Helicellinae, and showed that Monacha is more closely related to some Hygromiinae than to Helicellinae. Accordingly, we consider Helicellinae s.s., i.e. without Cochlicella and Monacha, in this paper.
MATERIAL AND METHODS
The material on which this revision is based was collected on three expeditions to Crete in July/August and September/October 2004, and September/October 2005. During these expeditions, land snails were sampled at about 500 localities across Crete. Among others, about 1250 xerophilous hygromiid lots were collected, and are now kept in the Zoological Museum of the University of Hamburg (ZMH). Living specimens were killed by putting the crawling animal into boiling water; the soft parts were then conserved in 70% ethanol.
Additional 3650 lots (mainly shells) were borrowed from the following collections: Haus der Natur, Cismar (HNC); Hungarian Natural History Museum, Budapest [HNHM; material determined as Xerocrassa cretica, Xeromunda candiota, and Cernuella virgata has only partly been revised]; collection W. J. M. Maassen, Duivendrecht (MAA); Naturhistoriska Museet, Göteborg (NMG); collection C. A. Westerlund in the NMG (NMGW); Nationaal Natuurhistorisch Museum, Leiden, formerly Rijksmuseum van Natuurlijke Historie (RMNH); collection P. Subai, Aachen (SUB); Museum für Naturkunde, Berlin (ZMB). The material studied is listed in Appendix S1.
The synonymy lists include only the original descriptions, and quotations concerning material from Crete or relevant for the interpretation of the species.
Photographs were taken with the digital camera Leica DFC320 mounted on a binocular microscope (Leica MZ16) using the software IM50 v4.0 (Leica Microsystems Imaging Solutions). Shell measurements were taken from digital photographs using the program analySIS Pro v3.2 (Olympus Soft Imaging Solutions) or with an ocular micrometer. The counting of the shell whorls (exactness Most measurements of the genitalia were taken from material collected by us and fixed in the same way (see above). However, we did not note any systematic deviations of the morphometric characters that we consider to be species specific (especially the ratios of different parts of the genitalia) in specimens from other collections that were fixed in different ways (e.g. by drowning).
The spelling of the geographic names is usually taken from the 'Kreta' map, 1 : 140 000 (Reise KnowHow; Verlag, Bielefeld, 2002) . The localities are arranged according to Nomos (N.; prefectures) in the locality lists. Within Nomos, localities are ordered alphanumerically according to the 10-km Universal Transverse Mercator (UTM) code.
We tested the hypothesis that the distribution areas of the recent endemic species are centred on Neogene palaeoislands by means of a Monte Carlo procedure. We used the null model proposed by Hausdorf & Hennig (2003) , but modified it so that the species richness distribution of the geographic cells is not considered. This null model generates range data sets such that their range size distribution and the spatial autocorrelation of the occurrences of a species approach the parameters in the real data set. We used the number of occurrences of species in 10-km UTM grids that are located on areas formerly belonging to palaeoislands as the test statistic. If the recent species originated on Neogene palaeoislands, and if their ranges have not shifted, the number of occurrences of species that are located on areas formerly belonging to palaeoislands should be higher in the real data set than in the simulated data sets, in which the ranges are placed independently of the position of the palaeoislands. The position of the palaeoislands was taken from the map of Crete in the Pliocene from Fassoulas (2001: fig. 11 ).
SYSTEMATICS HELICELLINAE IHERING 1909

XEROCRASSA MONTEROSATO, 1892
Xerocrassa Monterosato, 1892: 23. Type species (by monotypy): Helix seetzeni L. Pfeiffer, 1847 .
Diagnosis: Xerocrassa is characterized by a symmetrical dart apparatus, consisting of two small accessory sacs and usually four branched glandulae mucosae around the vagina, irregular longitudinal folds at the inner side of the wall of the vagina, and the lack of a well-developed appendix at the atrium. The penis is innervated from the right cerebral ganglion.
Remarks:
The homology of the two small sacs at the vagina is doubtful. In a few Xerocrassa s.l. (as used by Nordsieck, 1993) species, e.g. Xerocrassa geyeri (Soós, 1926) , there are small swellings at the base of these sacs in a position that is similar to the position of the dart sacs of Xeropicta. If these swellings were rudimentary dart sacs, the sacs of Xerocrassa and Trochoidea would be homologous to the accessory sacs of other Hygromiidae, and not to the dart sacs. Xerocrassa differs from Trochoidea in the lack of a well-developed appendix at the atrium. However, there are structures in the atrium of several Xerocrassa species that are probably homologous with the inner structures of the atrial appendix of Trochoidea, and in some Xerocrassa species (e.g. X. cretica, X. franciscoi, X. heraclea) they even form a lateral bulge at the atrium. This is also the case in Xerocrassa siphnica (Kobelt, 1883) , which has therefore been erroneously included in Trochoidea s.s. by Fuchs & Käufel (1936) (see also Mylonas et al., 1995) . Xerocrassa in the wide sense, as used by Nordsieck (1993) , is probably paraphyl- Figure 1 . Terminology of the distal parts of the genitalia: ap, appendix; at, atrium; bc, bursa of the bursa copulatrix; da, dart apparatus; ep, epiphallus; fl, flagellum; fod, free oviduct; gm, glandulae mucosae; p, penis; ped, pedunculus; pr, penial retractor; sod, spermoviduct; vag, vagina; vd, vas deferens. etic with regard to Trochoidea, and needs a revision. Based on mitochondrial DNA sequences (J. Sauer & B. Hausdorf, unpubl. data) , the Xerocrassa species from Crete belong to the same clade as the type species of Xerocrassa, Xerocrassa seetzeni (L. Pfeiffer, 1847) , from the Levant. Thus, the Cretan species will remain in Xerocrassa even after revision.
XEROCRASSA AMPHICONUS (MALTZAN, 1883) (FIGS 2A, 3A, 4A, 5A; TABLES 1-3)
Helix (Jacosta) amphiconus Maltzan, 1883: 102. Locus typicus: 'prope Sitia insulae Cretae', Greece. Helix (Jacosta) amphiconus - Kobelt, 1888: 25, pl. 98, fig. 546 . Helix (Xerophila) amphiconus -Martens, 1889: 187. Helicella (Trochoidea) syrensis amphiconus -Fuchs & Käufel, 1936: 632 . Helix (Jacosta) amphiconus -Lindner, 1994: 78, fig. 2 . Trochoidea mesostena -Vardinoyannis, 1994 : 85, 88, 130, map 45 (partim, non Westerlund, 1879 /4 whorls that are almost plain or even concave at the top side; teleoconch with regular fine ribs and irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; all whorls with a protruding keel; aperture rhombic; upper insertion of the peristome not or slightly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus prick-like, not obscured by the columellar edge. 3A, 4A; Tables 2 and 3 ): The penial papilla is divided into a long, slightly tapering, terminally open basal part and a very short conical apical part, with an open channel that is adnate with the basal part at the side opposite the opening. There is a glandular belt in the penial wall, near its proximal end, and a longitudinal glandular field at the abvaginal inner side of the penis wall, with distinct folds. There are no distinct stimulatory structures in the atrium. Hausdorf, unpubl. data) . This means either that they have not been separated long enough for lineage sorting to be completed or that there is still introgression. In contrast to other closely related Xerocrassa species from Crete, we have not found differences in the genitalia of X. amphiconus and X. siderensis. The differences in shell characteristics are no larger than differences between some extreme forms, classified as X. mesostena. However, in some areas, e.g. north of Ziros or south of Langada, populations of both taxa occur in close vicinity without continuous morphological transitions. We have measured the large diameter of the shell, the small diameter of the shell (perpendicular to the large diameter), the diameter at three whorls, the width of the spire, the height of the shell, the height of the spire, the diameter of the aperture, the height of the aperture, the width of the umbilicus, and the number of whorls of twelve specimens from (Maltzan, 1883 ) 5b. Penial papilla with a broader basal part and a narrower apical part, with a terminal opening (Fig. 4E) three populations of X. amphiconus and X. siderensis to investigate the constancy of the conchological differences between them. We also assessed a population of X. siderensis with very angular body whorls, from Agia Fotia, 1.7 km towards Palekastro. Nevertheless, 100% of the specimens could be identified correctly in a discriminant analysis, even though the angularity of the body whorl, the most conspicuous difference between X. amphiconus and X. siderensis, was not considered in the analysis. The lack of morphological (Maltzan, 1883) transitions between neighbouring populations of X. amphiconus and X. siderensis in several regions indicates that the two taxa do not or only rarely hybridize. There are also no hints that the two forms are the result of ecotypic differentiation or habitat-related ecophenotypic plasticity, because there are no ecological differences between the two forms besides different altitudinal preferences, and because even populations of the two taxa living in the 'wrong' altitudinal zone are typical. Thus, we classify X. amphiconus and X. siderensis preliminarily as distinct species. (Maltzan, 1883) & Mylonas, 1988: 139. Trochoidea cretica -Vardinoyannis, 1994: 85, 88, 130, map 44 . (Porro, 1840) . I, Xerocrassa mesostena (Westerlund, 1879) . J, Xerocrassa rhithymna sp. nov. K, Xerocrassa siderensis (Maltzan, 1883) . L, Xerocrassa subvariegata (Maltzan, 1883) . 
Genitalia (Figs
Genitalia (Figs 3B-C, 4B; Tables 3 and 4):
The penial papilla is longish and club-shaped, with a subterminal opening. A bulge extends from the subterminal opening of the penial papilla towards its apical tip.
There is a glandular belt in the penial wall near its proximal end and a longitudinal glandular field at the abvaginal inner side of the penis wall, with distinct folds. There are bulge-like stimulatory structures in the atrium.
Remarks: The forms of X. cretica living on Crete are usually large and have a rounded body whorl ( Fig. 2B-C ; Table 1 ). There are also forms that remain small, and often resemble juveniles in having fewer whorls and an angular body whorl ( Fig. 2D ; There are no differences between the types of H. gradilis from Elassa Island and the small form of X. cretica from the east coast of Crete vis-à-vis Elassa. The Pseudoxerophila species from the Dionisades Islands is a different species.
Distribution (Fig. 5B):
Various forms from the Aegean Islands, eastern parts of the Greek mainland, the west coast of Turkey, Cyprus, Libya, and Egypt (Brandt, 1959) have been included in X. cretica. A detailed study is required to assess which of these forms are actually conspecific with X. cretica, and which should be considered as separate species. Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina. Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina. Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
Diagnosis: Xerocrassa franciscoi sp. nov. is characterized by a discoidal shell, with a broadly protruding keel and a wide umbilicus, and a relatively short flagellum (proximal epiphallus : flagellum = 2.3-2.6). Fig. 2E ; Table 1 ): discoidal; with 4-4.5 whorls; teleoconch with more or less regular ribs; whitish, with or without faint brown bands that might break up into spots; body whorl with a broadly protruding, well-separated keel; aperture almost rhombic; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus wide, almost concentrical or slightly eccentric, not obscured by the columellar edge.
Shell (
Genitalia (Fig. 3D; Tables 3 and 5):
The inner structures of the genitalia are similar to those of X. mesostena, but the apical part of the penial papilla is short.
Remarks: According to the AFLP data (J. Sauer & B.
Hausdorf, unpubl. data), X. franciscoi sp. nov. is most closely related to X. mesostena, from which it differs in the usually higher proximal epiphallus : flagellum ratio (Table 3 ). This ratio varies between 2.3 and 2.6 in X. franciscoi sp. nov. In the adjacent X. mesostena populations it is distinctly smaller: the average in X. mesostena is 1.3. However, there is an unusual form of X. mesostena on the southern slope of the Dikti Mountains that has a high proximal epiphallus : flagellum ratio. Only four specimens of the 127 X. mesostena specimens measured, from the surroundings of AnoVianos and Amiras, had a proximal epiphallus : flagellum ratio as high as that of X. franciscoi sp. nov. According to the AFLP data, the X. mesostena form from the southern Dikti mountains is not related to X. franciscoi sp. nov. A form of X. mesostena that resembles X. franciscoi sp. nov. in the broadly protruding keel and a wide umbilicus occurs west of Paleochora, but differs from X. franciscoi sp. nov. in the longer flagellum (see remarks on X. mesostena).
The ranges of X. franciscoi sp. nov. and X. mesostena abut in LU2469, and are separated by a narrow hybrid zone (F. Welter-Schultes, pers. comm.), where six typical X. franciscoi sp. nov. have been found close to three specimens of X. mesostena with an angular body whorl or a keel that does not broadly protrude. These specimens might indicate that there is or was some hybridization between X. franciscoi sp. nov. and X. mesostena. No indications of hybridization were found in LU1968, where both species also occur together, or in other adjacent populations of the two taxa.
Xerocrassa franciscoi sp. nov. is superficially similar to Xerocrassa gharlapsi (Beckmann, 1987) from Malta. Xerocrassa franciscoi sp. nov. differs from X. gharlapsi species in the smaller shell (large diameter 9.4-11.7 mm vs. 12.5-14.0 mm in X. gharlapsi) with a less sharp keel that is stepped from the upper side of the whorls, whereas the upper side of X. gharlapsi evenly passes into the very sharp keel, and the longer penis and vagina (in relation to the proximal epiphallus). Fig. 5C) (ZMH 50232, 50233) ; east coast of Gramvousa Peninsula, car park at end of track, GE3438 (MAA); Balos Beach, GE3539 (MAA); 7 km north of Kaliviani, GE3539 (HNHM); 1 km north of Kaliviani, GE3633 (HNHM); 2 km north of Kaliviani, GE3634 (HNHM; MAA); Kaliviani, 2 km towards Balos, 10 m a.s.l., GE3635 (ZMH 29885; 36077); Kaliviani, 5.5 km towards Balos, 130 m a.s.l., GE3637 (HNC; RMNH; SUB; ZMB; ZMH 36574); 6 km north of Kalivani, GE3639 (MAA); Limin Kavounisou, 1 m a.s.l., GE3833 (ZMH 29865, 50325); 1 km north-west of Kastelli Kissamos, GE3931 (HNHM); Kastelli Kissamos, 1.5 km towards Platanos, 10 m a.s.l., GE3932 (ZMH 37023); 8 km north of Kaliviani, GE3540 (HNHM; MAA); 1 km east of Balos Beach, GE3541 (MAA).
Distribution (
Diagnosis: Xerocrassa grabusana sp. nov. is characterized by a small, irregularly coarsely ribbed, depressed conical shell, with a distinct keel that is usually separated by grooves, and a moderately narrow umbilicus and a penial papilla, with a cylindrical basal part and a dilated apical part, and a subterminal opening. Fig. 6A ; Table 1 ): Depressed conical; with 4.5-5 convex whorls; teleoconch with irregular ribs and irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl with a keel that is usually separated by grooves, and becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus moderately narrow, slightly eccentric, hardly obscured by the columellar edge.
Shell (
Genitalia (Figs 3E, 4C; Tables 3 and 6):
The penial papilla is divided into a cylindrical basal part and a slightly, or distinctly, dilated apical part that is separated from the basal part by an incision. A bulge extends from the subterminal opening of the penial Figure 6 . Xerocrassa species from Crete: shells. A, Xerocrassa grabusana sp. nov., Kaliviani, 5.5 km towards Balos (holotype; ZMH 51070). B, Xerocrassa heraklea sp. nov., Stalida, 3 km towards Mohos (holotype; ZMH 51068). C, Xerocrassa kydonia sp. nov., Koutsomatados (holotype; ZMH 51069). D, Xerocrassa lasithiensis sp. nov., Lenika, 1 km towards Elounda (holotype; ZMH 51071). E, Xerocrassa meda (Porro, 1840) , Chania (MAA). Scale bar: 5 mm. papilla towards its apical tip. There is a glandular belt in the penial wall near its proximal end, and a very indistinct longitudinal glandular field at the abvaginal inner side of the penis wall. There are no distinct stimulatory structures in the atrium.
Remarks: Xerocrassa grabusana sp. nov. is most similar to X. subvariegata, from which it differs in the coarser ribs and the more distinct keel, and the statistically significantly (t = 4.958, P < 0.001, two-sided) higher proximal epiphallus : flagellum ratio (see Table 3 ). Although there is some overlap in the variation of the proximal epiphallus : flagellum ratio (as well as in the conchological variation), we consider X. grabusana sp. nov. to be specifically distinct from X. subvariegata, because the variation of the ratio in the X. grabusana sp. nov. population from Limin Kavounisou, which is the population of X. grabusana sp. nov. that is most closely situated to the neighbouring X. subvariegata populations, lies outside of the variation in X. subvariegata. This indicates that X. grabusana sp. nov. and X. subvariegata do not or only rarely hybridize. Actually, both species are separated in a tree based on coxI and 16S rDNA sequences, as well as in a tree based on AFLP markers (J. Sauer & B. Hausdorf, unpubl. data) . Fig. 5D ): Xerocrassa grabusana sp. nov. is spread in north-western Crete from the Gramvousa Peninsula to Limani in the south-west, and to Kastelli Kissamos in the east.
Distribution (
Ethymology:
The species is named after the ancient name of the Gramvousa Peninsula, Grabusa (with grabusana used as an adjective). Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina. Diagnosis: Xerocrassa heraklea sp. nov. is characterized by a small (< 8 mm), conical, coarsely striated or ribbed shell, with a blunt edge or a keel, proximal epiphallus : dart apparatus Յ 8.1, proximal epiphallus : vagina length Յ 1.9, proximal epiphallus : flagellum Յ 1.0, total length of the vagina : vagina up to the base of the dart apparatus Ն 1.6, total length of the vagina : vagina up to the glandulae mucosae Ն 1.3, and a penial papilla that is divided into a long, terminally open basal part and a very short, conical apical part. Fig. 6B ; Table 1 ): Conical or depressed conical; with 4.5-5.25 convex whorls; teleoconch irregular, coarsely striated, or ribbed, usually with irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually with a blunt edge or a keel that becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome slightly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow or very narrow, hardly or partly obscured by the columellar edge.
XEROCRASSA
Shell (
Genitalia (Fig. 3F):
The penial papilla is divided into a long, slightly tapering or cylindrical, terminally open basal part, and a very short conical apical part consisting of a bulge that is adnate with the basal part at the side opposite to the opening. There may be a shallow furrow in the apical part of the papilla.
There is a glandular belt in the penial wall near its proximal end, and a longitudinal glandular field at the abvaginal inner side of the penis wall, with distinct folds. There are no distinct stimulatory structures in the atrium.
Remarks:
The shells of X. heraklea sp. nov. can not be distinguished from those of X. lasithiensis sp. nov., X. rhithymna sp. nov., and X. kydonia sp. nov. Xerocrassa heraklea sp. nov. differs from X. lasithiensis sp. nov. in the smaller proximal epiphallus : dart apparatus ratio (Յ 8.1), and the smaller proximal epiphallus : vagina length ratio (Յ 1.9), and differs from X. rhithymna sp. nov. in the lower insertion of the dart apparatus and the glandulae mucosae at the vagina length (total length of the vagina : vagina up to the base of the dart apparatus Ն 1.6; total length of the vagina : vagina up to the glandulae mucosae Ն 1.3), and differs from X. kydonia sp. nov. in the smaller proximal epiphallus : flagellum ratio (Յ 1.0; & Mylonas, 1988 : 139 (non Maltzan, 1883 . Trochoidea mesostena -Vardinoyannis, 1994 : 85, 88, 130, map 45 (partim, non Westerlund, 1879 Diagnosis: Xerocrassa kydonia sp. nov. is characterized by a small (< 8 mm), conical, coarsely striated, or ribbed shell, with a blunt edge or a keel, and a narrow umbilicus, a proximal epiphallus : flagellum ratio of Ն 3.0, and a penial papilla that is divided into a long, terminally open basal part, and a very short conical apical part. Fig. 6C ; Table 1 ): Conical or depressed conical; with 3.75-5 convex whorls; teleoconch irregular coarsely striated or ribbed, sometimes with irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually with a blunt edge or a keel that becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome slightly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow or very narrow, hardly or partly obscured by the columellar edge.
Shell (
Genitalia (Figs 4D, 7A; Tables 3 and 8):
The inner structures of the genitalia correspond to those of X. heraklea sp. nov.
Remarks: Xerocrassa kydonia sp. nov. differs from the neighbouring populations of X. mesostena in the usually smaller, more conical shell with more strongly arched whorls, and the shorter flagellum (Table 3 ).
The shells of X. kydonia sp. nov. cannot be distinguished from those of X. rhithymna sp. nov., X. heraklea sp. nov., and X. lasithiensis sp. nov. Xerocrassa kydonia sp. nov. differs from all these species in the larger proximal epiphallus : flagellum ratio (Ն 3.0; Table 3 ). Fig. 5F ): Xerocrassa kydonia sp. nov. is restricted to north-west Crete, from Platanos in the west to Kakopetros in the east, and the Rodopou Peninsula in the north.
Distribution (
Ethymology:
The species is named after its distribution in the prefecture Chania, derived from the ancient town Kydonia (used as a noun in apposition). Diagnosis: Xerocrassa lasithiensis sp. nov. is characterized by a small (< 8.2 mm), conical, coarsely striated or ribbed shell, with a blunt edge or a keel, and a narrow umbilicus, a proximal epiphallus : dart apparatus ratio of Ն 8.1, a proximal epiphallus : vagina length ratio of Ն 2.4, a proximal epiphallus : flagellum ratio of Յ 1.2, and a penial papilla that is usually divided into a long, terminally open basal part, and a very short conical apical part. Fig. 6D ; Table 1 ): Conical or depressed conical; with 4.25-5.25 convex whorls; teleoconch irregular coarsely striated or ribbed, usually with irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually with a blunt edge, or with a keel that becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome slightly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow or very narrow, hardly or partly obscured by the columellar edge.
XEROCRASSA LASITHIENSIS
Shell (
Genitalia (Fig. 7B; Tables 3 and 9):
The inner structures of the genitalia correspond to those of X. heraklea sp. nov., but in one examined specimen the apical part of the penial papilla was almost absent, so that the opening was almost terminal.
Remarks: The shells of X. lasithiensis sp. nov. cannot be distinguished from those of X. rhithymna sp. nov., X. heraklea sp. nov., and X. kydonia sp. nov. Xerocrassa lasithiensis sp. nov. differs from X. rhithymna sp. nov. and X. heraklea sp. nov. in the higher proxi- 2.6 1.9 6.6 5.7 0.5 1.6 1.8 2.1 Lenika, 1 km towards Elounda, LV80 (holotype; ZMH 51071) 3.0 1.9 7.6 7.1 0.9 2.2 2.5 3.0 2 km north of Elounda, LV80 (MAA)
1.1 1.3 3.8 4.4 0.4 1.1 1.3 1.5 2 km south of Vrouhas, LV80 (MAA) 2.0 1.1 3.7 3.9 0.3 1.1 1.3 1.6
Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
mal epiphallus : vagina length ratio (Ն 2.4) and the usually higher proximal epiphallus : dart apparatus ratio (Ն 8.1), and from X. kydonia sp. nov. in the smaller proximal epiphallus : flagellum ratio (Յ 1.2) ( Table 3) . Fig. 5G) 
Distribution (
Genitalia (Fig. 7C):
The flagellum is 0.6-0.8 times as long as the epiphallus. The penial papilla is almost cylindrical. Its opening is almost terminal. More detailed descriptions of the genitalia have been given by Hesse (1934) and Giusti, Manganelli & Schembri (1995) .
Remarks: Xerocrassa meda is the type species of Xeroclausa Monterosato, 1892. The relationships of X. meda to the east Mediterranean Xerocrassa species should be investigated.
Distribution (Fig. 5H):
Xerocrassa meda is known from the Italian mainland, Sicily, and Malta. Its native range is unclear, because the species is restricted to anthropogenic habitats. Originally, it was described from Sardinia, but only a single record is known from there, and could possibly be the result of a recent introduction (Giusti et al., 1995) . Xerocrassa meda has also been introduced on Lesvos (Bank, 1988 ; as Cernuella spec.) and Kos (Bank & Neuteboom, 1988 ; as Trochoidea spec. Diagnosis: Xerocrassa mesostena is characterized by a medium-sized shell with a narrow umbilicus, a proximal epiphallus : flagellum ratio of 0.9-2.3 (rarely up to 2.8), and a penial papilla with a broader basal part, and a narrower apical part with a terminal opening.
Shell (Figs 8A-D, 9A; Table 1):
Varying from almost discoidal to conical-globular; with 3.75-6 convex whorls; teleoconch irregularly striated or finely ribbed, and with irregular impressions, especially underneath; whitish, with or without brown bands that might be fused or break up into spots; body whorl rounded, or with a blunt edge or a distinct keel; aperture almost circular, elliptical, or rhombic; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus varying from very narrow to wide, not or partly obscured by the columellar edge.
Genitalia (Figs 4E, 7D-F; Tables 3 and 10):
The penial papilla is divided into a broader basal part and a narrower apical part, which is often separated from the basal part by an incision. A bulge is visible in the terminal opening of the penial papilla. There is a glandular belt in the penial wall near its proximal end, and a longitudinal glandular field at the abvaginal inner side of the penis wall, with more or less Remarks: Xerocrassa mesostena is very variable. It differs from X. heraklea sp. nov., X. kydonia sp. nov., X. lasithiensis sp. nov., and X. rhithymna sp. nov. in the penial papilla with a broader basal part, and a narrower apical part, with a terminal opening, and the usually larger shell with less strongly arched whorls. Where it co-occurs with X. heraklea sp. nov., X. lasithiensis sp. nov., and X. rhithymna sp. nov., it can usually be distinguished from these species by shell characteristics. However, there are small forms of X. mesostena that can hardly be distinguished (Maltzan, 1883) , 'Lassiti' (holotype of Helix euphacodes Maltzan; ZMB 101443). E, Xerocrassa subvariegata (Maltzan, 1883) , Tuzla (syntype ZMB 36377). Scale bar: 5 mm. Such small conical forms with a very narrow umbilicus and a blunt keel occur, e.g. south of the Mesara plain and in the Sfakia (described as Helix sphakiota; Fig. 8B) , and in the adjacent region eastwards to Kapsodassos. Similarly keeled, but usually larger forms, with a wider umbilicus, also occur west of the Levka Mountains.
Depressed forms with a more or less distinct keel can be found in various regions of Crete; usually, they have a narrow umbilicus. West of Paleochora, there are populations with discoidal shells, with a broadly protruding keel and a wide umbilicus (Fig. 8C ). These populations are conchologically similar to X. franciscoi sp. nov., but differ from that species in the relatively longer flagellum (proximal epiphallus : flagellum = 0.9-1.4; see Tables 3 and 10 ). Another keeled, depressed form with a moderately wide umbilicus occurs at the north-eastern slope of the Dikti mountains, east of Tapes (Fig. 8D) .
On the southern slope of the Dikti mountains, between Ano Viannos and Mithi, there are populations with a relatively shorter flagellum ( Fig. 7E ; proximal epiphallus : flagellum = 1.5-2.8) than in most other populations of X. mesostena (proximal epiphallus : flagellum = 0.8-1.6). However, specimens from the surroundings of Kroustas on the eastern slope of the Dikti mountains have a similarly long flagellum (proximal epiphallus : flagellum = 1.5-2.0). These forms from the Dikti mountains neither form a separate group in a tree based on coxI and 16S rDNA sequences, nor in a tree based on AFLP markers (J. Sauer & B. Hausdorf, unpubl. data) . The AFLP tree indicates that the specimens from the surroundings of Kroustas are more closely related to other specimens Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
from the eastern slope of the Dikti mountains, than to specimens from the southern slope of the Dikti mountains. In courtship experiments specimens from the southern slope of the Dikti mountains preferred specimens from their own population to other X. mesostena specimens (J. Sauer & B. Hausdorf, unpubl. data) . Apparently the populations from the southern slope of the Dikti mountains are beginning to separate from X. mesostena. As there is still an overlap in the morphological and genetical variability, we classify them as X. mesostena. Some of the easternmost populations of X. mesostena resemble X. siderensis in possessing an initially very narrow umbilicus that is strongly enlarged only by the body whorl. Thus, X. mesostena cannot be distinguished from X. siderensis by shell characters. It differs from X. siderensis in the usually lower proximal epiphallus : flagellum ratio (0.9-2.3, rarely up to 2.8), and the penial papilla with a broader basal part, and a narrower apical part with a terminal opening. Fig. 5I) : Xerocrassa mesostena is restricted to Crete. It is distributed across almost the whole island, with the exception of the eastern and north-western tip, and the region between Chania and the Psiloritis mountains.
Distribution (
XEROCRASSA RHITHYMNA SP. NOV.
(FIGS 5J, 9B, 10A; TABLES 1, 3, AND 11) Diagnosis: Xerocrassa rhithymna sp. nov. is characterized by a small (< 8.2 mm), conical, coarsely striated or ribbed shell, with a blunt edge or a keel, a proximal epiphallus : dart apparatus ratio of Յ 8.5, a proximal epiphallus : vagina length ratio of Յ 2.1, a proximal epiphallus : flagellum ratio of Յ 1.1, a total length of the vagina : vagina up to the base of the dart apparatus ratio of Յ 1.5, a total length of the vagina : vagina up to the glandulae mucosae ratio of Յ 1.2, and a penial papilla that is divided into a long, terminally open basal part, and a very short conical apical part.
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Shell ( Fig. 9B; Table 1 ): Conical or depressed conical; with 4.5-5.5 convex whorls; teleoconch irregular coarsely striated or ribbed, usually with irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually with a blunt edge or a keel that becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome slightly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow or very narrow, hardly or partly obscured by the columellar edge. Fig. 10A; Tables 3 and 11 ): The inner structures of the genitalia correspond to those of X. heraklea sp. nov. (Maltzan, 1883) , Vai Finikodasos (ZMH 29445). C, Xerocrassa subvariegata (Maltzan, 1883) , Chania, towards Rethimnon, at branch towards Souda (ZMH 29318). D, Trochoidea pyramidata (Draparnaud, 1805) , Ierapetra, 6 km towards Makrigialos (ZMH 36466). E, Xeropicta krynickii (Krynicki, 1833) , Limni Kourna (ZMH 29778). F, Pseudoxerophila bathytera (Westerlund & Blanc, 1879) , Sikologos, 2 km towards Mirtos (ZMH 29524).
Genitalia (
Remarks: The shells of X. rhithymna sp. nov. cannot be distinguished from those of X. lasithiensis sp. nov., X. heraklea sp. nov., and X. kydonia sp. nov. Xerocrassa rhithymna sp. nov. differs from X. lasithiensis sp. nov. in the smaller proximal epiphallus : vagina length ratio (Յ 2.1), and the usually smaller proximal epiphallus : dart apparatus ratio (Յ 8.5), from X. heraklea sp. nov. in the higher insertion of the dart apparatus and the glandulae mucosae at the vagina length (total length of the vagina : vagina up to the base of the dart apparatus Յ 1.5; total length of the vagina : vagina up to the glandulae mucosae Յ 1.2), and from X. kydonia sp. nov. in the smaller proximal epiphallus : flagellum ratio (Յ 1.1; Table 3 ). Xerocrassa rhithymna sp. nov. differs from X. mesostena, with which it lives syntopically at a few sites, in the penial papilla that is divided into a long, terminally open basal part and a very short conical apical part, and the usually smaller, more conical, coarsely striated or ribbed shell, with a blunt edge or a keel. Fig. 5J) : Xerocrassa rhithymna sp. nov. is restricted to the northern part of Crete, between the Lefka Ori and the Psiloriti mountains.
Distribution (
Ethymology:
The species is named after its distribution in the prefecture Rethimnon, derived from the ancient town Rhithymna (used as a noun in apposition).
XEROCRASSA SIDERENSIS (MALTZAN, 1883) (FIGS 5K, 9C, D, 10B; TABLES 1, 3, AND 12) Helix (Jacosta) Siderensis Maltzan, 1883: 104. Locus typicus: 'ad promontorium Sidero insulae Cretae', Greece. ?Helix (Jacosta) euphacodes Maltzan, 1883: 103. Locus typicus: 'in montibus' Lasethe '(Lassiti) dictis insulae Cretae', Greece.
Helix (Jacosta) siderensis -Kobelt, 1888: 26, pl. 98, figs 547-548. Helix (Jacosta) siderensis -Lindner, 1994: 77, fig. 3 . Trochoidea mesostena -Vardinoyannis, 1994 : 85, 88, 130, map 45 (partim, non Westerlund, 1879 . Diagnosis: Xerocrassa siderensis is characterized by a medium-sized shell with a rounded or angular body whorl, an initially very narrow umbilicus that is often strongly enlarged by the body whorl, a relatively short flagellum (proximal epiphallus : flagellum = 2.7-3.7), and a penial papilla with a long, terminally open basal part, and a very short conical apical part with an open channel. Table 1 ): Usually depressed conical or discoidal, sometimes conical; with 4.5-5.5 convex whorls; teleoconch irregularly striated or distinctly ribbed, often with irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually rounded or with a blunt edge at the beginning, in some populations with a distinct edge; aperture elliptical; upper insertion of the peristome slightly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus initially very narrow, but often strongly enlarged by the body whorl, and not obscured by the columellar edge. Fig. 10B ; Tables 3 and 12 ): The inner structures of the genitalia correspond to those of X. amphiconus. However, in one specimen the apical Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
Shell (Figs 9C, D;
Genitalia (
part of the penial papilla was not visible (it was probably introverted into the basal part), and therefore the opening of the papilla was terminally at the basal part.
Remarks: The shells of X. siderensis are very variable, especially between populations. Some populations, especially east of Agia Fotia and west of Zakros, are characterized by a distinct edge at the periphery of the body whorl and ribs. In the population from Agia Fotia, 1.7 km towards Palekastro, an extreme specimen with a distinct keel and a very narrow umbilicus was found. This specimen approaches the characters of X. amphiconus. However, the specimens from adjacent populations of X. amphiconus have a more protruding keel and are more depressed. The intermediate specimen might be evidence for an introgression between X. siderensis and X. amphiconus. Nevertheless, we classify X. siderensis and X. amphiconus as distinct species, because such specimens are very rare, and even these can be referred to one of the two taxa without doubts (see remarks by X. amphiconus).
The westerly adjacent populations of X. mesostena are conchologically very similar to X. siderensis. Many of them also have an initially very narrow umbilicus that is strongly enlarged by the body whorl, which is characteristic for typical X. siderensis. Thus, X. siderensis cannot be distinguished from X. mesostena by shell characters. It differs from X. mesostena in the higher proximal epiphallus : flagellum ratio (2.7-3.7), and the penial papilla with a long, terminally open basal part, and a very short conical apical part.
Xerocrassa siderensis differs conchologically from Xeropicta krynickii (Krynicki, 1833) , which also has a similar umbilicus, in the lack of incised spiral striae.
The holotype of Helix euphacodes Maltzan, 1883 cannot be distinguished from forms of X. siderensis with a distinct edge at the periphery of the body whorl. It has been described from 'in montibus' Lasethe '(Lassiti) dictis insulae Cretae'. Actually, the 'Lasethe' mountains are the Dikti mountains. However, no similar Xerocrassa form has been found in the Dikti mountains. Thus, we suppose that Maltzan (1883) meant any mountains in the prefecture Lasithi (where he also collected typical X. siderensis and X. amphiconus specimens). Fig. 5K) : Xerocrassa siderensis is restricted to the easternmost mountain range of Crete, where it commonly occurs near the coast. The westernmost localities from which specimens were determined anatomically are Agia Fotia, Lithines, and Kalo Nero. Near Lithines, populations of X. siderensis on the western slopes of the eastern hills are adjacent to populations of X. mesostena on the eastern slopes of the foothills of the Orno Oros. fig. 551 . Trochoidea sp. -Vardinoyannis, 1994: 86, 88, 133, map 50 (partim) . Trochoidea sp. -Cameron et al., 2000: 141. Type material: Syntypes: Greece, Kríti, N. Chania, Tuzla near Souda (ZMB 36377/8).
Distribution (
Diagnosis: Xerocrassa subvariegata is characterized by a small, irregularly striated or finely ribbed, depressed conical shell, with a rounded, or at most bluntly keeled, body whorl, a moderately wide umbilicus, and with a penial papilla with a cylindrical basal part and a dilated apical part, and a subterminal opening. Fig. 9E ; Table 1 ): Depressed conical; with 4-5 convex whorls; teleoconch with irregular growth ridges or fine ribs and irregular impressions (especially underneath); whitish, with or without brown bands that might be fused or break up into spots; body whorl usually with an edge or a blunt keel at the beginning that becomes weaker towards the aperture; aperture elliptical; upper insertion of the peristome not or slightly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus moderately wide, slightly eccentric, hardly obscured by the columellar edge. Fig. 10C ; Tables 3 and 13): The inner structures of the genitalia correspond to those of X. grabusana sp. nov.
Shell (
Genitalia (
Remarks: Xerocrassa subvariegata is most similar to X. grabusana sp. nov. (see notes for that species). Some depressed forms of X. subvariegata can also be similar to Pseudoxerophila oertzeni (Maltzan, 1887) , from which it differs in the narrower umbilicus and the lack of incised spiral striae. Fig. 5L) : Xerocrassa subvariegata is spread in north-western Crete from Tsakalaria and Kantanos in the west to Gerani in the east. West of the Lefka Ori it spreads south to the environs of Imbros. Diagnosis: Trochoidea is characterized by a symmetrical dart apparatus consisting of two small accessory sacs, and usually four branched glandulae mucosae around the vagina, two strong longitudinal folds that surround each opening of the accessory sacs into the vagina at the inner side of the wall of the vagina, and fuse pairwise at their distal and proximal ends, and a large rounded appendix at the atrium. Concerning the homology of the two small sacs at the vagina, see Xerocrassa. The penis is innervated from the right cerebral ganglion.
Distribution (
TROCHOIDEA PYRAMIDATA (DRAPARNAUD, 1805) (FIGS 10D, 11A, 12A; TABLES 1, 14 AND 15)
Helix pyramidata Draparnaud, 1805: 80, pl. 5, fig. 6 . Locus typicus: 'sur les plages de la Méditerranée'. (Draparnaud, 1805) , Ierapetra, 6 km towards Makrigialos (ZMH 36466). B, Xeropicta krynickii (Krynicki, 1833) , Limni Kourna (ZMH 29778). C, Pseudoxerophila bathytera (Westerlund & Blanc, 1879) (Draparnaud, 1805) . B, Xeropicta krynickii (Krynicki, 1833) . C, Pseudoxerophila bathytera (Westerlund & Blanc, 1879) . D, Pseudoxerophila oertzeni (Maltzan, 1887) . E, Xeromunda candiota (L. Pfeiffer, 1849). F, Xerotricha apicina (Lamarck, 1822) . G, Xerotricha conspurcata (Draparnaud, 1801) . H, Microxeromagna lowei (Potiez & Michaud, 1835) . I, Cernuella (Cernuella) virgata (Da Costa, 1778) .
Trochoidea pyramidata -Vardinoyannis, 1994: 85, 87, 129, map 43 .
Diagnosis: Trochoidea pyramidata is characterized by the conical shell, with a more or less rounded body whorl, and a narrow umbilicus. Fig. 11A ; Table 1 ): Conical; with 4.5-7 convex whorls; teleoconch with irregular growth ridges or fine ribs; whitish, sometimes with brown bands that might break up into spots; body whorl rounded or with a slight blunt edge at the beginning; aperture elliptical; upper insertion of the peristome not or slightly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow, not or hardly obscured by the columellar edge. Fig. 10D ; Tables 14 and 15 ): See diagnosis of the genus. A more detailed description of the genitalia has been given by Giusti et al. (1995) . Fig. 12A ): Mediterranean region. In the eastern Mediterranean region probably introduced by man.
Shell (
Genitalia (
Distribution (
XEROPICTA MONTEROSATO, 1892
Xeropicta Monterosato, 1892: 24. Type species (by monotypy): Helix (Helicella) krynickii Krynicki, 1833 .
Diagnosis: Xeropicta is characterized by a symmetrical dart apparatus consisting of two small dart sacs, long accessory sacs that rise above the proximal end of the dart sacs, and four branched glandulae mucosae around the vagina, and a longish appendix at the base of the penis. The inner structure of the genitalia has been described in detail by Schileyko (1978) . The penis is innervated from the right cerebral ganglion.
XEROPICTA KRYNICKII Diagnosis: Xeropicta krynickii is characterized by a depressed conical shell with incised spiral striae, a narrow, eccentric umbilicus, and a moderately long flagellum. Fig. 11B ; Table 1 ): Depressed conical; with 5-5.5 convex whorls; teleoconch with growth ridges and fine incised spiral striae; upper whorls usually with fine ribs; whitish, with or without brown bands that might be fused or break up into spots; body whorl rounded or with a blunt edge at the beginning; aperture almost circular; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus narrow, strongly enlarged by the body whorl, not obscured by the columellar edge. Fig. 10E ; Tables 15 and 16 ): See diagnosis of the genus. A more detailed description of the genitalia has been given by Schileyko (1978) . Fig. 12B) Diagnosis: Pseudoxerophila is characterized by a symmetrical dart apparatus, consisting of two small dart sacs and two accessory sacs, which are attached to a dilatation of the vagina, and four branched glandulae mucosae around the vagina. The inner structure of the genitalia has been described in detail by Hausdorf (1988 -Baker, 1963 : 254. Helicella itala -Curtin, 1963 : 134 (non Linnaeus, 1758 . Pseudoxerophila bathytera -Hausdorf, 1988 : 20, figs 14-16. Pseudoxerophila bathytera -Lindner, 1994 . Helix sitiensis -Lindner, 1994: 77, fig. 1 . Helicopsis (Helicopsis) bathytera -Vardinoyannis, 1994: 86, 88, 131, map Diagnosis: Pseudoxerophila bathytera is characterized by a strongly depressed shell with fine incised spiral striae, a wide, eccentric umbilicus, and a very long Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor;
Shell (
Genitalia (
Distribution (
fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina. Abbreviations: app, appendix; da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina. Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
flagellum (proximal epiphallus : flagellum = 0.4-0.7). Pseudoxerophila bathytera is distinctly larger than the related P. oertzeni. Fig. 11C-F ; Table 1 ): Strongly depressed conical; with 4.5-5 convex whorls; teleoconch with irregular growth ridges and fine incised spiral striae; whitish, with or without brown bands that might be fused or break up into spots; body whorl rounded or with a blunt edge at the beginning; aperture almost circular; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus wide, strongly enlarged by the body whorl, and not obscured by the columellar edge. Fig. 10F ; Tables 15 and 17) : See diagnosis of the genus. A more detailed description of the genitalia has been given by Hausdorf (1988) . Fig. 12C ): Pseudoxerophila bathytera is frequently found in central and eastern Crete. There are also some isolated occurrences in western Crete that might be the result of anthropogenic dispersion. Vardinoyannis (1994) (Triantis et al., 2004) , and Karpathos (Vardinoyannis, 1994 Type material: Syntypes: Greece, Kríti, N. Chania, Omalos, GE61 (ZMB 39570/2).
Shell (
Genitalia (
Distribution (
Diagnosis: Pseudoxerophila oertzeni resembles P. bathytera, from which it differs in the much smaller shell and the shorter flagellum (proximal epiphallus : flagellum = 0.8-1.1). Fig. 13A, B ; Table 1 ): Strongly depressed conical; with 4-4.5 convex whorls; teleoconch with irregular growth ridges and fine, incised spiral striae; whitish, with or without brown bands that might be fused or break up into spots; body whorl rounded or with an edge at the beginning that usually disappears towards the aperture; aperture almost circular; upper insertion of the peristome hardly or distinctly descending; peristome sharp, not expanded, with a whitish internal rib; umbilicus wide, strongly enlarged by the body whorl, not obscured by the columellar edge. Fig. 14A ; Table 15 and 18): The penial papilla is elongate-conical with a terminal opening. The accessory sacs are smaller than the dart sacs, and are more or less attached to the vagina. The openings of the two dart sacs into a dilatation of the vagina are surrounded by two strong longitudinal folds, which each extend into the proximal part of the vagina. From each dart sac another bulge extends through the inner side of dilatated part of the vagina, towards the atrium. There are four branched glandulae mucosae around the vagina.
Shell (
Genitalia (
Remarks: In most populations there is only a blunt edge at the periphery of the whorls that usually disappears at the body whorl. However, in some unusually large subfossil shells from the sourroundings of Limni Kourna (Fig. 13B) there is a persistent keel at the body whorl. It seems that this population Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
is extinct. West of Kournas there are a few isolated populations in the surroundings of Agios Konstantinos and Roustika with a distinct, but not pronounced, edge at the periphery of the whorls. Fig. 12D) -Hausdorf, 1988: 25, figs 18, 19 . Xeromunda candiota -Manganelli & Giusti, 1989: 6, figs 3-4, pl. 4A-H. Xeromunda candiota -Falkner, 1990: 210, fig. 211 /11. Xeromunda (Xeromunda) candiota -Hausdorf, 1990a: 109, figs 1-2, pl. 1, fig. 1 . Cernuella candiota -Vardinoyannis & Mylonas, 1988: 139. Cernuella candiota -Vardinoyannis, 1994: 84, 87, 129, map 42. Diagnosis: Xeromunda candiota is characterized by a conical-globular shell, with a very narrow umbilicus and a very short flagellum. It differs from the conchologically similar Xeromunda durieui (L. Pfeiffer, 1848) from North Africa, Puglia, and Cyprus (?) in the larger dart sac, the comparatively smaller basal portion of the dart apparatus, and the shorter flagellum (see . Fig. 13C ; Table 1 ): Conical-globular; with 4-5 convex whorls; teleoconch with irregular fine ribs, irregular impressions, and partly with incised spiral striae; whitish, with an irregular brownish pattern; body whorl rounded or with a blunt edge at the beginning; aperture almost circular; upper insertion of the peristome not or slightly descending; peristome sharp, not expanded, brownish on the inside, with a whitish internal rib; umbilicus very narrow, partly obscured by the columellar edge. Fig. 14B ; Table 15 and 19): See diagnosis of the genus. A more detailed description of the genitalia has been given by Hausdorf (1988) and .
Distribution (
Shell (
Genitalia (
Remarks:
The name Helix candiota 'Frivaldsky' was first published by Pfeiffer (1849) 1719, 1993) . The author of this name is Pfeiffer (1849) (Art. 50.7, ICZN, 1999) . According to Art. 72.4.3, ICZN, 1999, ' The type series of a nominal speciesgroup taxon of which the name was first published as a junior synonym . . . consists of the specimen (or specimens) cited with that name in the published synonymy, or, if none was cited there, denoted by that name when it was adopted as the name of a taxon'. Pfeiffer (1849) did not cite any specimens with H. candiota in the synonymy. Therefore, the specimens from 'Syra', 'Canée', and 'Macédoine' denoted by Mousson (1854) with that name are the syntypes of the taxon. Fig. 12E ): Only material from the Peloponnessos and the Aegean Islands has been determined anatomically. Records from Turkey, Cyprus, Syria, the Lebanon, and North Africa (see e.g. Brandt, 1959 ) must be confirmed anatomically, because they might refer to X. durieui (L. Pfeiffer, 1848). Abbreviations: da, dart apparatus; epd, epiphallus distal of the insertion of the penial retractor; epp, epiphallus proximal of the insertion of the penial retractor; fl, flagellum; p, penis; vda, vagina up to the base of the dart apparatus; vgm, vagina up to the glandulae mucosae; vt, total length of the vagina.
Distribution (
Genitalia (Fig. 14F; Table 15 and 20) : See diagnosis of the genus. A more detailed description of the genitalia has been given by Hausdorf (1988) and Manganelli & Giusti (1988) .
Remarks: Cernuella virgata differs from Xerocrassa cretica in the more rapidly increasing whorls, the irregular ribbing, the more numerous irregular impressions on the top, the often reddish internal rib in the aperture, and the frequently more eccentric umbilicus. Forms with a reddish internal rib can be easily identified. However, there are also forms with a whitish internal rib.
Often Cernuella cisalpina (Rossmässler, 1837) [= Cernuella jonica (Mousson, 1854) ] is distinguished from C. virgata as a separate species (Kerney et al., 1983; Falkner, 1990; Giusti et al., 1995) . Typical C. cisalpina differ from C. virgata in the smaller (see 
BIOGEOGRAPHY AND SPECIATION
Welter- Schultes & Williams (1999) supposed that the land snail radiations on Crete were the result of the fragmentation of the region of present-day Crete into several palaeoislands from the lower Tortonian (11 Mya) until the late Pliocene (2-3 Mya) (Dermitzakis, 1990; Welter-Schultes & Williams, 1999; WelterSchultes, 2000a, b; Fassoulas, 2001 ). According to this vicariance model, the populations of the ancestral species of the radiations that became isolated on the palaeoislands evolved into separate species (or subspecies). Welter- Schultes & Williams (1999) thought that many recent vicariant species on Crete originated in this way on the palaeoislands. If this hypothesis were correct, we would expect the distribution areas of the endemic species to be centred on the palaeoislands. We tested this prediction by comparing the real distribution data set of the twelve endemic Xerocrassa and Pseudoxerophila species with simulated distribution data sets, generated using a null model that considers the range size distribution and the spatial autocorrelation of the occurrences of a taxon. The number of occurrences of the endemic species in 10-km UTM grids that are located in areas that were islands in the Neogene was used as the test statistic. This test statistic was not significantly greater (P = 0.612) for the real data (194) than for the 1000 Monte Carlo simulations data sets obtained by Monte Carlo simulations (mean 185.48, range 49-416) . This suggests that the distribution data of the recent endemic Xerocrassa and Pseudoxerophila species on Crete do not provide evidence for the hypothesis that these radiations were caused by the fragmentation of Crete into several palaeoislands in the Neogene.
The Neogene fragmentation hypothesis has also been refuted in another case. Schilthuizen et al. (2004) have shown that ITS1 sequence data are not consistent with the hypothesis that the radiation of the endemic Cretan land snail Albinaria hippolyti (O. Boettger, 1878) into several distinct subspecies has been caused by vicariance events in the Miocene and Pliocene, as has been previously suggested (Douris et al., 1998; Welter-Schultes, 2000c) .
